1. Introduction {#sec1-ijerph-16-02806}
===============

The World Health Organization (WHO) estimates that in 2020, over 1 million people will die as a result of suicide. In Poland, each day, fifteen people make a suicide attempt, and eleven people die by suicide \[[@B1-ijerph-16-02806]\]. According to the data of the Polish Central Police Headquarters, more people die from suicide than die as a result of transport accidents. In 2016, there were 9861 suicide attempts, of which 5405 people took their own lives. While at the same time, over 3000 people died in road accidents \[[@B2-ijerph-16-02806]\]. In Poland, the most common way to die by suicide is hanging, mainly among men. However, intoxication was more common in women than in men. Women are more likely to attempt suicide, or to engage in non-fatal suicidal behaviour, while men more often take their lives \[[@B3-ijerph-16-02806]\].

Suicide is the result of a complex interaction of risk factors and the presence of triggering factors, among which sudden mental disorder, alcohol intoxication and other psychoactive substances, life events, deterioration of somatic and family and personal crisis, and external environmental factors, e.g., weather, are mentioned.

The nervous system is exposed to "psychological" reactions in response to the weather. Meteotropic weather situations include, among others, low-pressure systems and associated sudden changes in particular meteorological elements (atmospheric pressure and temperature) during the passage of atmospheric fronts, especially a cold front, as well as the occurrence of mountain wind and storms. The people most sensitive to weather changes are people suffering from depression and schizophrenia, as well as neurotics, addicts and alcoholics. Among these people, the weather may influence their decision to commit suicide, although it is certainly not the only and decisive reason for taking such a step \[[@B4-ijerph-16-02806],[@B5-ijerph-16-02806],[@B6-ijerph-16-02806]\].

The risk of suicide is estimated at 4% in patients with mood disorders, 7--18% in patients with alcohol dependence \[[@B7-ijerph-16-02806],[@B8-ijerph-16-02806],[@B9-ijerph-16-02806]\], 8% in patients with bipolar affective disorder, and 5% in patients with schizophrenia. Suicide under the influence of alcohol and other psychoactive substances accounts for 25--50% of all suicide cases---the risk of suicide increasing with comorbidities of psychiatric disorders. The risk of suicide in patients with alcohol dependence is 60--120 times greater than in the general population \[[@B10-ijerph-16-02806]\].

The aim of the study was to analyse the seasonality of suicides among persons under the influence of alcohol. The study was also based on the results of research by the Central Statistical Office conducted in the years 1999--2003, which confirmed the occurrence of the seasonality of suicides in Poland.

2. Material and Methods {#sec2-ijerph-16-02806}
=======================

Data for analysis were obtained from the Department of Forensic Medicine (DFM), of the Medical University of Warsaw. A retrospective analysis was performed on 317 (75.12%) out of 422 suicide cases entered into the registry of deaths kept by the DFM in the years 2009--2013. The remaining forty victims were rejected due to post-mortem presence of endogenous alcohol, and sixty-five due to missing information. The following parameters were considered in the data analysis: sex, age of victims, date of post-mortem examination, the cause of death confirmed in post-mortem examination, and the level of ethanol in the blood and muscles of victims (BACs (blood alcohol concentration) greater than zero were considered positive) confirmed in a toxicology test, performed with gas chromatography.

In order to answer the research questions, statistical analyses were conducted using the IBM SPSS Statistics version 20 (IBM Corp., Armonk, NY, USA). An analysis of the basic descriptive statistics together with the Kolmogorow--Smirnov test, examining the normality of the distribution, frequency analysis, correlation analysis, Student's t trial tests, were performed. Independent, one-factor analysis of variance with a posteriori comparisons and chi square independence tests were also calculated. The strength of the contrast analysis effect was calculated from the following formula for Cohen's d-strength ratio---d = 2t/√df.

3. Results {#sec3-ijerph-16-02806}
==========

3.1. Characteristics of the Studied Groups {#sec3dot1-ijerph-16-02806}
------------------------------------------

A relatively even distribution of reported suicide deaths was observed in the subsequent months and years covered by the study. Of the total cases of suicide, 91.2% were men. Over 96% reported suicides were hangings, confirmed by the presence of a ligature mark in the dissection study ([Table 1](#ijerph-16-02806-t001){ref-type="table"}). The mean age in years was 41.97 ± 13.52. The mean alcohol concentration was 1.71% ± 0.92% and ranged from 0.2--4.4%.

3.2. Gender and the Concentration of Ethyl Alcohol {#sec3dot2-ijerph-16-02806}
--------------------------------------------------

Student's *t*-test for independent samples did not reveal any significant differences between genders in the range of alcohol concentration---t (315) = 0.719, *p* = 0.473, d = 0.142. The average alcohol concentration in women was not much higher (M = 1.83; SD = 1.03) than the average alcohol concentration in men (M = 1.69; SD = 0.91). Due to the strong counter to the assumption about the parity of groups, the obtained results were confirmed by the Mann--Whitney test. The test results confirmed that the compared groups did not differ from each other.

3.3. Age and the Concentration of Ethyl Alcohol {#sec3dot3-ijerph-16-02806}
-----------------------------------------------

The calculated r Pearson correlation analysis also showed that the age of victims correlated with the alcohol concentration; r = 0.160, *p* \< 0.01. There was a linear relationship between the age of the victims and the alcohol concentration in the body. This relationship was of a relatively low strength. The older the victims, the higher the alcohol concentration. The same analysis performed for each season showed that a statistically significant correlation between the age of victims and alcohol concentration occurred only in the spring months (March, April and May). In other periods (winter, summer and autumn), the statistical analysis did not prove a significant association between the age of suicide victims and the alcohol concentration ([Table 2](#ijerph-16-02806-t002){ref-type="table"}).

It was also found that there was no statistically significant correlation between the season of the year and the alcohol concentration in suicide victims; *p* = 0.274. Both in the case of younger victims and victims over 40 (the criterion for dividing into two groups was the median age Me = 40), there were no significant differences between the average levels of alcohol concentration (*p* = 0.686 vs. *p* = 0.354) ([Table 3](#ijerph-16-02806-t003){ref-type="table"}).

3.4. Gender and Season {#sec3dot4-ijerph-16-02806}
----------------------

The analysis conducted using the chi square independence test showed a relationship between gender and season of the year---χ^2^(3) = 8.64; *p* \< 0.05; *V*~cramer's~ = 0.166. However, this is a relatively weak relationship. The proportions summarised in [Table 4](#ijerph-16-02806-t004){ref-type="table"} show more frequent suicide in women in September, October and November compared to other months (42.9% among women). In the group of men, most often, suicides occurred in the spring months (March, April and May), and they constituted 30.8% in this group. It is worth noting that the strongest period in the group of men (spring months) is the period with the lowest percentage of suicides in the group of women (only 10.7%) ([Table 4](#ijerph-16-02806-t004){ref-type="table"}).

3.5. Age and Season {#sec3dot5-ijerph-16-02806}
-------------------

Considering the age of victims broken down in two age ranges, i.e., ≤40 years and \>40 years, and the division of months into four groups corresponding with four seasons of the year, i.e., winter (December, January and February), spring (March, April and May), summer (June, July and August) and autumn (September, October and November), the examination of a relation between age of victims and the season did not prove the existence of a statistically relevant influence. However, a certain tendency was observed. Over 56% of all younger victims (≤40 years) died in spring or summer. The distribution in older victims (\>40 years) was more balanced ([Table 5](#ijerph-16-02806-t005){ref-type="table"}).

4. Discussion {#sec4-ijerph-16-02806}
=============

There are few publications on the relationship between seasonal peaks of suicides (a peak meaning a staggering rise in suicide rates) and the occurrence or exacerbation of mental disorders (e.g., mood disorders, disorders related to the abuse of psychoactive substances, including ethyl alcohol, or disorders associated with schizophrenia). In a study conducted in Sweden, seasonal growth in suicide cases in spring and early summer was observed in patients with diagnosed neuroses \[[@B11-ijerph-16-02806]\]. Rocchi et al. also described the seasonality of suicides among patients with mental illness, while Postolache et al. reported an increase in the number of suicides in spring among victims with mood disorders \[[@B12-ijerph-16-02806],[@B13-ijerph-16-02806]\]. Another study conducted by Kim et el. showed a spring--summer peak among patients with depression and an autumn--winter peak among patients with schizophrenia \[[@B14-ijerph-16-02806]\].

There is a great number of studies which indicate the occurrence of the so-called seasonality of behaviours of suicide ("temperature in spring", Morselle) \[[@B15-ijerph-16-02806]\]. A review of studies published in the 20th century shows that the peak of suicides can be observed in the spring months, although some analyses indicate that the peak can also be observed in autumn \[[@B16-ijerph-16-02806]\]. Spring is the season with the highest number of suicides in the northern and southern hemisphere. In the United States of America and Canada, China, Pakistan, Australia, South Africa and Europe, the peak time of suicides is in spring. Similar results were also obtained in other countries \[[@B17-ijerph-16-02806],[@B18-ijerph-16-02806],[@B19-ijerph-16-02806],[@B20-ijerph-16-02806],[@B21-ijerph-16-02806],[@B22-ijerph-16-02806],[@B23-ijerph-16-02806],[@B24-ijerph-16-02806],[@B25-ijerph-16-02806]\]. However, recent research is not so clear. Although high suicide rates have been reported in Finland, Ireland and Italy in the summer, this model is much less expressed or even absent in studies conducted in England and Wales, Australia and New Zealand, Singapore and Switzerland \[[@B26-ijerph-16-02806],[@B27-ijerph-16-02806],[@B28-ijerph-16-02806],[@B29-ijerph-16-02806],[@B30-ijerph-16-02806],[@B31-ijerph-16-02806],[@B32-ijerph-16-02806]\].

The seasonality phenomenon also applies to suicide attempts \[[@B33-ijerph-16-02806]\]. Seasonality and temporal variations in the frequency of suicide attempts depend primarily on the sex of the victims. The results of the WHO/EURO Multicenter Study on Parasuicides indicated a seasonal peak of suicide attempts in women in spring and winter (December), but showed no significant seasonal variation in suicide attempts in men \[[@B16-ijerph-16-02806]\].

The results obtained in the presented study were compared with seasonal patterns observed in other studies, most of which confirm the occurrence of the "spring peak", mainly for men, the elderly and violent suicide methods (which means the highest number of suicides per year), and the secondary autumn peak of suicides. The results of the presented study proved to be consistent with this pattern. The occurrence of either a spring or autumn peak was dependent on the sex of the victim.

Studies by other authors have indicated the relationship between age and seasonal variation of suicides. According to Maesa et al. the suicide rate is higher among younger people in spring (March and April), and among older people at the end of summer (August) \[[@B34-ijerph-16-02806]\]. McCleary et al. observed the peak of suicides in younger people in winter and autumn, and in older people in summer. The analysis conducted in the presented study showed no statistically significant relationship between the age of the victims and the season of the year. However, a certain tendency was observed: over half of all younger victims of suicide (≤40 years) died in spring or summer \[[@B35-ijerph-16-02806]\].

Suicide patterns vary depending on the sex of the victims \[[@B33-ijerph-16-02806]\]. In studies by other authors, only one spring peak of suicides was found for men and two peaks, i.e., one in spring and one in autumn, were observed among women \[[@B36-ijerph-16-02806],[@B37-ijerph-16-02806],[@B38-ijerph-16-02806],[@B39-ijerph-16-02806],[@B40-ijerph-16-02806],[@B41-ijerph-16-02806]\]. In England, for example, "middle-aged women with school children often suicide in autumn, at the beginning of the school year..."---which means a shortened time of direct contact with a child \[[@B36-ijerph-16-02806],[@B37-ijerph-16-02806]\]. The impact of sex on the seasonality of suicides was also reported in Hungary, where the spring peak was a consequence of depression-related suicides, especially among men = increased use of prescribed drugs in the population \[[@B42-ijerph-16-02806]\].

Research by the Central Statistical Office conducted in the years 1999--2003 confirmed the occurrence of the seasonality of suicides in Poland. It revealed stable seasonality of suicides in three groups: general Polish population, age group 40--44 regardless of sex, and men aged 40--44. In addition, stable seasonality with a peak in spring and summer, and a clear decrease in winter was observed. The study did not show stable seasonality of suicides in women \[[@B43-ijerph-16-02806]\]. The results are comparable with the results of most studies carried out in other countries \[[@B44-ijerph-16-02806]\]. In the presented study, the spring peak of suicides in men was recorded in May, and the autumn peak of suicides among women in September.

Among many factors impacting upon the risk of suicide, it is important to define modifiable factors, one of them being alcohol dependence. According to the Polish Police Headquarters, victims under the influence of alcohol constitute the largest percentage of suicide victims. This percentage has been growing since 2009, compared to previous years \[[@B2-ijerph-16-02806]\]. In a study conducted in Sweden, Brådvik et al. revealed a seasonal spring peak of suicides in male patients with alcohol dependence \[[@B45-ijerph-16-02806]\]. The results of the analysis performed in the presented study demonstrated that the relation between the season of the year and the alcohol concentration in suicide victims was not statistically significant. The average alcohol concentration reported in men and women was comparable. It was found, however, that alcohol concentration correlated with the age of the victims, i.e., the older the victims, the higher the alcohol concentration. It is significant that this relationship was observed only in the spring months (March, April and May). This correlation suggests a causal relationship between alcohol abuse and suicide.

The results of the analysis seem to be consistent with seasonal patterns observed in other studies, and they confirm the occurrence of suicide seasonality. However, certain limitations hinder reaching unambiguous conclusions. They result from methodological and environmental differences between the studies. In order to improve the strategies of suicide prevention, it is necessary to identify factors which are related to the seasonal variation of suicidal behaviours, and to gain knowledge concerning the mechanisms behind this phenomenon.

5. Conclusions {#sec5-ijerph-16-02806}
==============

-   The seasonality of suicides is a phenomenon which can also be observed among suicide victims under the influence of alcohol.

-   The seasonal variation of suicides is dependent on the sex of the victims.

-   It was observed that the relationship between age and alcohol concentration in suicide victims can be the cause of suicide.
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###### 

Distribution of analysed variables.

  ------------------------------------ ------- -------
  **Year**                             **N**   **%**
  2009                                 75      23.7
  2010                                 63      19.9
  2011                                 61      19.2
  2012                                 57      18.0
  2013                                 61      19.2
  Date of post-mortem examination      *N*     \%
  January                              20      6.3
  February                             18      5.7
  March                                28      8.8
  April                                27      8.5
  May                                  37      11.7
  June                                 33      10.4
  July                                 29      9.1
  August                               21      6.6
  September                            28      8.8
  October                              23      7.3
  November                             25      7.9
  December                             28      8.8
  Gender                               *N*     \%
  Women                                28      8.8
  Men                                  289     91.2
  Initial cause of death               *N*     \%
  Hanging                              305     96.2
  Suspicion of hanging                 11      3.5
  Other                                1       0.3
  Results of post-mortem examination   *N*     \%
  Ligature mark                        311     98.1
  Ligature mark and other injury       2       0.6
  Other                                4       1.3
  ------------------------------------ ------- -------
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###### 

Relationship between level of ethyl alcohol and age of victims depending on the season.

                 Age           
  -------------- ------------- -------
  Winter         Pearson's r   0.074
  Significance   0.554         
  Spring         Pearson's r   0.283
  Significance   0.006         
  Summer         Pearson's r   0.112
  Significance   0.315         
  Autumn         Pearson's r   0.156
  Significance   0.178         
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###### 

The average alcohol concentration in suicide victims depending on the season.

           Age                              
  -------- ----- ------ ------ ----- ------ ------
  Winter   33    1.67   1.07   33    1.88   0.90
  Spring   46    1.57   0.98   46    1.90   0.88
  Summer   45    1.64   0.83   38    1.94   0.80
  Autumn   37    1.42   1.02   39    1.63   0.80
  Total    161   1.58   0.97   156   1.84   0.85
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###### 

Correlation between gender and a period in which an autopsy was carried out.

                       Gender   General                  
  -------------------- -------- --------- -------- ----- ----
  Season of the year   Winter   Number    7a       59a   66
  \% of gender         25.0%    20.4%     20.8%          
  Spring               Number   3a        89b      92    
  \% of gender         10.7%    30.8%     29.0%          
  Summer               Number   6a        77a      83    
  \% of gender         21.4%    26.6%     26.2%          
  Autumn               Number   12a       64b      76    
  \% of gender         42.9%    22.1%     24.0%          
  General              Number   28        289      317   
  \% of gender         100.0%   100.0%    100.0%         

Note: the proportions between the columns that do not share the letter index differ significantly between each other at the level of *p* \< 0.05.
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###### 

Number and percentage of suicide victims, broken down by age, depending on the season.

  -------------------------------------------------------
                  Age      Total                     
  --------------- -------- -------- ------- -------- ----
  Season          Winter   Number   33      33       66

  \% of the age   20.5%    21.2%    20.8%            

  Spring          Number   46       46      92       

  \% of the age   28.6%    29.5%    29.0%            

  Summer          Number   45       38      83       

  \% of the age   28.0%    24.4%    26.2%            

  Autumn          Number   37       39      76       

  \% of the age   23.0%    25.0%    24.0%            

  Total           Number   161      156     317\     
                                            100.0%   

  \% of the age   100.0%   100.0%                    
  -------------------------------------------------------
